This paper describes an innovative alternative to manual procedures for the application of carbon fiber and resin injection in concrete surfaces in tunnels. It is based on a specially designed light-weight integrated tool for automatic application of Fiber Reinforced Polymer (FRP) and epoxy resin injection. Vision and laser telemeter sensing are integrated into the tool to assure precise inspection and maintenance operations. An interconnection flange allows simple and robust attachment to a robotic manipulator's tip. The robot-tool set is mounted on an articulated lift platform. Therefore, an operator can direct the platform and the robottool's operations in a control station placed at ground-level, in a wheeled vehicle on which the articulated lift platform is mounted. An intuitive Human-Machine Interface (HMI) has been developed to allow the operator to identify fissures for the injection of epoxy resin, and to choose where to place the FRP strips. Actual procedures are completely automatic.
Introduction
Tunnels nowadays are designed and built to last hundreds of years. However, change in use, new load criterions, and impact and damage caused by natural and human factors can reduce service life to less than a tenth of its original estimate.
Inspection and maintenance operations in tunnels depend heavily upon time and space constraints, the tunnel's intrinsic conditions (reduced space, possible existence of service pipes), traffic flow, and, in railway tunnels, the presence of aerial electric cable. Working conditions in these subterranean infra-structures can be slow and tedious due to dust, humidity, complete absence of natural light, and uncomfortable working conditions. Efficiency and stigma of any operator gradually reduce throughout the day, incrementing the risk index. Any attempt to automate operations performed in subterranean infrastructures will drastically improve short and long-term security, and increase productivity [1] .
A great range of factors can cause need for maintenance or reparation operations. Two of the most important of these factors will be treated:
• Fissure formation due to deformation caused by excessive load. Although current legislations tolerate the existence of small fissures, their real dimensions should never exceed a small, reduced range. Reinforced concrete's interior metal infrastructure should never be exposed to ambient atmosphere.
• Loss of quality of the infrastructure's surface due to lack of coating, needed to guarantee correct metal-conglomerate adhesion. Most pathological phenomena (carbonation, chlorine...) pass undetected until external signs appear on the iron structure: rust, section and adhesion reduction...
Maintenance Operations
Presently, all inspection and maintenance operations in tunnels are performed manually ( Figure 1 ). Frequently, traffic flow must be cut, and scaffolds mounted, implying the subsequent loss of global productivity. Maintenance operations involve the following set of tasks: superficial preparation, fissure injection, and FRP composite adhesion.
Superficial Preparation
This includes all of the processes needed to eliminate concrete in bad state. Loss of mechanical capacity or of stability within the rest of the structure can be a possible reason for this need. The surface must be prepared before concrete reparation and/or restoration. Common methods include compressed air blowing, sand abrasion, and hydro-demolition (preparation with high-pressured water).
Fissure Injection
Development of advanced materials such as low-viscosity epoxy resins allows pressure injection of these materials through fissures as small as 0.2 mm thick. They are usually thixotropic, solvent-free, and bicomponent. Components are included in different compartments of a same cartridge, and combined through a static mixer at application time. The main objective of these injections is to re-establish continuity in the concrete section. Injections can be used to fill in internal or hard-to-access zones (such as internal nests). This technique has been used and tested on tunnels, bridges, and several nuclear centrals over the past few years.
FRP Composite Adhesion
Since its first applications in Europe and Japan in the 1980s, superficial reparation and restoration with Fibre Reinforced Polymer (FRP) has progressively increased. Quick and easy installation and high versatility make FRP reparations attractive to owners, engineers and promoters. Carbon or aramid fibres allow high mechanic, thermal, electric and chemical resistance, high modulus of elasticity, and low density [2] . Forms of interest include flexible strips that can be adhered to concrete surfaces using application-specific epoxy resins.
The following considerations should be taken into account when applying FRP to external surfaces:
• Dimension and orientation of each strip.
• Number of strips and sequence of installation.
• Time limits between successive strips.
• Surface temperature and moisture limitations.
• General notes listing design loads and allowable strains in the FRP laminates.
The main strength component of a non-slender, normal-weight concrete member confined with an FRP jacket may be calculated using the FRP confined concrete strength equation (1) or (2).
(1)
Confining a concrete surface is accomplished by orienting the fibres transverse to the weakest axis of the member, resulting in an increase in the apparent strength of concrete and in the maximum usable compressive strain [3] . In this orientation, fibres work similarly to conventional spiral or tie reinforcing steel. However, any contribution of the longitudinally aligned fibres to the axial compression strength of a concrete member should be neglected, as fibres are usually displaced in a unidirectional fashion, following the direction of the strip or roll. FRP jackets provide passive confinement, remaining unstressed until dilation and cracking of the member occurs [4] . For this reason, intimate contact between FRP and concrete surface is critical.
FRP adhesion is also used in automotive, marine, and aerospace industries. 
